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Parabo lo id  r e f l e c t o r  wi th  blended r o l l e d  edge a t  t h e  
t o p  and s k i r t  a t  t h e  bottom and t h e  f i e l d  plane, 
F r o n t  view o f  t h e  r e f l e c t o r .  
A 3-dimensional wedge w i t h  smooth j u n c t i o n .  
Radia l  c u t  on t h e  parabo lo id  r e f l e c t o r ,  
c ross-sec t iona l  view o f  t h e  i n f i n i t e  c y l i n d e r .  
Various mechanisms c o n t r i b u t i n g  t o  t h e  s c a t t e r e d  f i e l d ,  
Magnetic l i n e  source i l l u m i n a t i o n  of an i n f i n i t e l y  l o n g  
cy1 i nder. 
F l a t  p l a t e  used t o  compute feed blockage. 
Feed conf  i g u r a t i  on. 
Short  magnet i c d i  po l  e. 
D e s c r i p t i o n  o f  t h e  observat ion plane. 
Cross-sect ional  view o f  t h e  semi - c i r c u l a r  r e f l e c t o r  i n  
t h e  xz plane. 
Cross-sect ional  shape o f  t h e  i n f i n i t e l y  l o n g  c y l i n d e r .  
The c o - p o l a r i z e d  ( y )  component o f  t h e  s c a t t e r e d  
magnet ic f i e l d  versus v e r t i c a l  displacement. 
The specul ar ly  r e f  1 ected f i e l  d component versus t h e  
v e r t i c a l  d i  s p l  acement. 
The j u n c t i o n  d i  f f r a c t e d  f i  e l  d component versus t h e  
v e r t i c a l  d i  s p l  acement. 
The s k i r t  d i f f r a c t e d  f i e l d  component versus t h e  v e r t i c a l  
d i  s p l  acement. 
Co-pol a r i  zed ( x )  component of t h e  s c a t t e r e d  magnet ic 
versus v e r t i c a l  d i  splacement. 
Co-polar i  zed (y)  component o f  t h e  s c a t t e r e d  magnet ic 



































Co-polari  zed ( x )  component o f  t h e  s c a t t e r e d  magnetic 
f i e l  d versus v e r t  i c a l  d i  s p l  acement . 
Co-polar i  zed (y) component o f  t h e  s c a t t e r e d  magnetic 
f i  e l  d versus v e r t i c a l  d i  s p l  acement. 
Co-polari  zed (y) component o f  t h e  s c a t t e r e d  magnetic 
f i e l  d versus v e r t i c a l  d i  s p l  acement . 
,Junction d i f f r a c t e d  f i e l d  component versus v e r t i c a l  
displacement, 
S k i r t  d i f f r a c t e d  f i e l d  component versus v e r t i c a l  
d i  s p l  acement. 
Co-polar ized (y) component o f  t h e  feed b lockage versus 
v e r t i c a l  d i  s p l  acement. 
Co-polari  zed (y) component o f  t h e  s c a t t e r e d  magnetic 
f i e l  d versus v e r t  i c a l  d i  sp l  acement . 
Co-polari  zed (y)  component o f  t h e  feed b lockage v p r s t i s  
v e r t i c a l  d i  s p l  acement. 
Co-pol ari zed (y) component o f  t h e  scdtter-r!:i magnet i c 
f i e l  d versus v e r t i c a l  d i  s p l  acemen t . 
Co-polar ized (y)  component, o f  t h e  f e e d  hl ockage v o r s i i s  
v e r t i c a l  di  s p l  acement . 
Co-polari  zed (y)  coirlponent. of t h e  cc . r t te red  irlaqnet. 
f i e l  d versus v e r t  i c a l  d i  sn l  o c m e n t .  
Co-polari  zed (y )  coirlponeit. of t i l e  s c a t t e r e d  r n t ~ g i e t  
f i e l d  versus v e r t i c a l  d i s p l a c e w r i t .  
C 
c 
29(a). Co-polar ized (y)  component o f  t he  s c d t t e r e d  inaqnet.ic 
f i e l d  versus r a d i  a 1  d i  sp l  acernent. 
30( 3 ) .  Co-poldr ized ( y )  corrlponent g f  %he s c i t t e r r d  m a g i c ! t i c  
f i e l d .  
'30(5). Cross-po la r ized  ( K )  component of  the sca t t e red  




















































F i  gum 
31(a). Co-polar ized (y) component o f  t h e  s c a t t e r e d  magnet ic 
f i e l d .  
31 (b).  Cross-pol a r i  zed ( x )  component o f  t h e  s c a t t e r e d  
magnet ic f i e l d .  
32( a). Co-pol a r i  zed (y ) component o f  t h e  s c a t t e r e d  magneti c 
f i e l d .  
32(b). Cross-po la r ized  ( x )  component of t h e  s c a t t e r e d  
magnet ic f i e l d .  
33(a). Co-polar ized (y )  component o f  t h e  s c a t t e r e d  magnet ic 
f i e l d .  
33(b). Cross-po la r ized  ( x )  component o f  t h e  s c a t t e r e d  
magnet ic f i e l d .  
34. Usable t a r g e t  zone a t  2 GHz. Target d i s t a n c e  i s  36 
feet ,  maximum r i p p l e  i s  0.2 dR, s c a l e  1”=4’ .  
35. Specu lar ly  r e f l e c t e d  magnetic f i e l d  versus r a d i a l  
d isplacement.  
36. Specu lar ly  r e f l e c t e d  magnetic f i e l d  versus r a d i a l  
d i  s p l  acement. 
37. Specu lar ly  r e f l e c t e d  magnetic f i e l d  versus r a d i a l  
d i  s p l  acement. 
38. Var ious parameters used i n  t h e  SURFACE code. 

































A computer code has been developed a t  The Ohio S t a t e  U n i v e r s i t y  
E l e c t r o S c i  ence Labora tory  t o  analyze a semi - c i  r c u l a r  p a r a b o l o i d a l  
r e f l e c t o r  antenna w i t h  a r o l l e d  edge a t  t h e  t o p  and a s k i r t  a t  t he  
bottom as shown i n  F igu re  1. The code can be used t o  compute t h e  t o t a l  
near f i e l d  o f  t h e  antenna o r  i t s  i n d i v i d u a l  components a t  a g iven  
d i s t a n c e  from t h e  cen te r  o f  the parabo lo id .  
a long  a r a d i a l  c u t  (see F igu re  1) a t  t h a t  d is tance.  Thus, i t  i s  very 
e f f e c t i v e  i n  computing t h e  s i z e  o f  t h e  'sweet s p o t '  f o r  a s e m i - c i r c u l a r  
compact range r e f  1 e c t o r  . Various mechani sms i n c l  uded i n  t h e  f i e l d  
computat ion are:  
The code computes t h e  f i e l d  
Specular r e f l e c t i o n  (geometr ical  o p t i c s  term) 
J u n c t i o n  d i f f r a c t i o n  ( d i f f r a c t i o n  f r o m  t h e  j u n c t i o n  between 
t h e  p a r a b o l o i d  and the r o l l e d  edge) 
S k i r t  d i f f r a c t i o n  ( d i f f r a c t i o n  from t h e  j u n c t i o n  between t h e  
lower  end o f  t h e  pa rabo lo id  and t h e  s k i r t ) ,  and 
Feed h l  ockage. 
user has a cho ice  o f  computing these mechanisms i n  any 
combination. The t h r e e  f i e l d  components (x,y,z)  f o r  each mechanism as 
w e l l  as the t o t a l  f i e l d  a r e  stored i n  an ou tpu t  f i l e .  
Th is  r e p o r t  descr ibes  t h e  opera t i on  of t h e  code. To he lp  t h e  user 








ROLLED EDGE PARABOLOID 
I - Y  lf 
S K I R T ’  
I 
( b )  
Figure l ( a ) .  
( h ) .  
Paraboloid reflector with blended rolled edge a t  the t o p  
and s k i r t  a t  the bottom and the f i e ld  plane, 


















computat ion o f  each mechanism i s  a l s o  given. Some r e s u l t s  ob ta ined 
u s i n g  t h e  computer code a r e  presented t o  i l l u s t r a t e  t h e  code's 
c a p a b i l i t y  as w e l l  as be ing  samples o f  i n p u t / o u t p u t  sets.  , 
A b r i e f  d e s c r i p t i o n  of t h e  methods o f  computat ion o f  t h e  var ious  
mechanisms i s  g iven  i n  t h e  nex t  sect ion.  Sec t ion  111 e x p l a i n s  t h e  i n p u t  
and ou tpu t  statements used i n  the code. F i n a l l y ,  Sect ion I V  con ta ins  
v a r i o u s  examples o f  t h e  use o f  the code. 
11, METHODS OF COMPUTATION 
I n  t h i s  sec t ion ,  methods o f  computat ion o f  t h e  var ious  mechanisms 
i n c l u d e d  i n  t h e  a n a l y s i s  o f  t h e  r e f l e c t o r  antenna are  discussed. The 
purpose o f  t h i s  documentation i s  t o  h e l p  t h e  user  i n  understanding t h e  
n t h e  a n a l y s i s  a r e  as i n p u t  data. Var ious mechanisms inc luded 
f o l  1 ows : 
A )  
B )  
C )  S k i r t  d i f f r a c t i o n ,  and 
D )  Feed blockage. 
Specul a r  r e f  1 e c t  i on 
Junct i on d i  f f rac t  i on 
A, SPECULAR REFLECTION 
The code can be used t o  compute t h e  s p e c u l a r l y  r e f l e c t e d  f i e l d  
w i t h i n  a s e m i c i r c u l a r  reg ion  a t  a g iven  d i s t a n c e  (a long p a r a b o l o i d  a x i s )  
f rom t h e  c e n t e r  o f  t h e  paraboloid.  
equal t o  t h e  r a d i u s  o f  t h e  parabo lo id  as shown i n  F i g u r e  1. I n  t h i s  
The r a d i u s  o f  t h e  s e m i c i r c l e  i s  
3 
reg ion ,  t h e  r e f l e c t e d  f i e l d  comes from t h e  p a r a h o l o i d a l  s e c t i o n  o f  t h e  
r e f l e c t o r .  
( o b s e r v a t i o n  p o i n t ) .  Then, t h e  r e f l e c t e d  magnetic f i e l d  i s  g iven  by 
Let  (xo,yo,zo) be t h e  coord ina tes  o f  t h e  f i e l d  p o i n t  
where (xr,yr,zr) a re  t h e  coord ina tes  o f  t h e  p o i n t  o f  r e f l e c t i o n .  
t h a t  t( (xr,yr,zr) i s  t h e  i n c i d e n t  magnetic f i e l d  a t  t h a t  p o i n t ,  and n i s  
t h e  u n i t  normal t o  t h e  p a r a b o l i c  r e f l e c t o r  a t  t h e  p o i n t  o f  r e f l e c t i o n .  
Note 
'i A 
I n  t h i s  case, one ob ta ins  
0 xr = x 
Y r  - Yo 
- 
and zr = (xo2 + yo2 ) / 4F  
where F i s  t h e  f o c a l  d i s t a n c e  o f  t h e  parabo lo id .  Thus, knowing t h e  feed 
p a t t e r n  and the  coord ina te  o f  t h e  observa t ion  p o i n t ,  t h e  r e f l e c t e d  f i e l d  
can be computed. 
R. SKIRT DIFFRACTION 
The d i f f r a c t e d  f i e l d  f rom t h e  j u n c t i o n  between t h e  lower  end of t h e  
p a r a b o l o i d  and the s k i r t  i s  computed us ing  t h e  Geometr ical  Theory of 
D i f f r a c t i o n .  The GTD d i f f r a c t i o n  c o e f f i c i e n t s  [11 a r e  used t o  compute 
t h e  d i f f r a c t e d  f i e l d .  Since t h i s  i s  a smooth j u n c t i o n ,  t h e  d i f f r a c t e d  





























The d i f f r a c t e d  f i e l d  f rom a smooth j u n c t i o n  (see F i g u r e  2) i s  g iven by 
c21 
1-1 - - -   
r i a e sin2Bo 
pe 'e 
3 )  
( 4 )  
( 5 )  
5 
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1 1 2 
+ , and - -  - r o  ,n i aecosei 
p1 
1 1 2 COSOi  
The va r ious  parameters used i n  Equations (3 )  - (11) a re  d e f i n e d  as 
f o l l o w s :  
, p i  = t h e  p r i n c i p a l  r a d i i  of c u r v a t u r e  of t h e  ( i n c i d e n t ,  i 
r e f l e c t e d )  wavefront a t  Q, i n  t h e  p lane o f  i nc idence  
i, pr = t h e  p r i n c i p a l  r a d i i  of c u r v a t u r e  o f  t h e  ( i n c i d e n t ,  
r e f l e c t e d )  wavefront a t  Q i n  t h e  t r a n s v e r s e  plane 
p 2  2 
J 
J a = t h e  rad ius  of curva ture  of t h e  edge a t  Q e 
h 
n = t h e  u n i t  normal t o  t h e  su r face  a t  I), 
A 
= t h e  u n i t  normal t o  t h e  edge a t  0, d i r e c t e d  away from t h e  'e 
c e n t e r  o f  edge curva ture  
A 
s '  = t h e  u n i t  vec to r  i n  t h e  i n c i d e n t  ray d i r e c t i o n  a t  Q, 
h 
s = t h e  u n i t  vec to r  i n  t h e  d i f f r a c t e d  ray  d i r e c t i o n  a t  Q, 
A 
e = t h e  u n i t  tangent  t o  t h e  edge a t  Q, 
= t h e  angle between t h e  i n c i d e n t  and edge tangent d i r e c t i o n s  
B O  
such t h a t  
7 
A h  
C O S B ~  = e s '  
A A  
$ I , $  = the u n i t  vectors i n  the plane perpendicular 
t o  the edge a t  QJ 
n A n  
i 3 = s x +  
a n d  
p i  = the radius o f  curvature o f  the incident wavefront 
a t  Q i n  the plane containing ^e and "s. 
e 
J 
For the paraboloid-skirt junction, assuming the sk i r t  t o  be the 
0-face and the feed i s  a t  the focus, one obtains 
r 
p Z n  = 00, and 
T h u s ,  the distance parameters are given by 
r 
r 







































Knowing t h e  coord ina tes  o f  t h e  obse rva t i on  p o i n t  (x  ,y ,z ) ,  one 0 0 0  
can f i n d  t h e  p o i n t  o f  d i f f r a c t i o n  on t h e  edge. 
w i l l  be s a t i s f i e d  a t  t h e  p o i n t  o f  d i f f r a c t i o n .  Once t h e  p o i n t  o f  
i i d i f f r a c t i o n  i s  found, one can compute t h e  i n c i d e n t  f i e 1  d (EB I , E$ I )  a t  
t h a t  po in t .  The angles (eo, $ and $ ' )  can a l s o  be found. Knowing p 
and p 2 ,  one can compute p ,  L , Lrn and then us ing  (3 ) ,  t h e  d i f f r a c t e d  
f i e l d s  can be ca l cu la ted .  Note t h a t  4 '  = 90" i n  t h i s  case. 




C, JUNCTION DIFFRACTION 
The j u n c t i o n  between t h e  pa rabo lo id  and r o l l e d  edge i s  a h i g h e r  
o rde r  d i s c o n t i n u i t y  i n  t h a t  a t  l e a s t  t h e  s lope i s  cont inuous. 
b l  ended r o l l  ed edge, t h e  j u n c t i o n  i s  cont inuous t o  even h i  gher o rde r  
d e r i v a t i v e s .  Since GTD d i f f r a c t i o n  c o e f f i c i e n t s  f o r  these h i g h e r  o rde r  
d i s c o n t i n u i t i e s  are not ava i lab le ,  a new technique has been developed t o  
f i n d  t h e  d i f f r a c t e d  f i e l d  f rom t h e  j u n c t i o n .  I n  t h i s  new technique, t h e  
f i r s t  s tep  i s  t o  reduce the  three-dimensional problem t o  a two- 
dimensional  one; i.e., t h e  r e f l e c t o r  i s  rep laced by an i n f i n i t e l y  l o n g  
c y l i n d e r  o f  t h e  same cross  sec t i on  as t h a t  o f  a r a d i a l  c u t  th rough t h e  
r e f l e c t o r  as shown i n  F i g u r e  3(a). Th is  r a d i a l  c u t  con ta ins  t h e  p o i n t  
o f  d i f f r a c t i o n .  The s k i r t  p a r t  o f  t h i s  c y l i n d e r  i s  then rep laced w i t h  
a p a r a b o l i c  c y l i n d e r  w i t h  t h e  same f o c a l  l e n g t h  as t h e  p a r a b o l o i d a l  
sec t i on .  
Note t h a t  t h e  cross s e c t i o n  o f  t h e  c y l i n d e r  i s  independent o f  which 
r a d i a l  c u t  i s  taken i n  t h a t  the r e f l e c t o r  has r o t a t i o n a l  symmetry. The 
t o t a l  f i e l d  s c a t t e r e d  by t h i s  c y l i n d r i c a l  r e f l e c t o r  w i t h  a r o l l e d  edge 
For t h e  
A cross s e c t i o n  v i e w  o f  t h e  c y l i n d e r  i s  shown i n  F igu re  3(b). 
9 
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i s  found u s i n g  p h y s i c a l  o p t i c s .  Since i t  i s  a two-dimensional  problem, 
one has t o  do a contour  i n t e g r a t i o n  t o  compute t h e  t o t a l  f i e l d .  Thus, 
p h y s i c a l  o p t i c s  i n t e g r a t i o n  can be c a r r i e d  ou t  q u i t e  e f f i c i e n t l y .  The 
t o t a l  f i e l d  ob ta ined u s i n g  t h e  PO i n t e g r a t i o n  c o n t a i n s  c o n t r i b u t i o n s  
f r o m  f o u r  d i f f e r e n t  mechanisms as shown i n  F i g u r e  4(a). These 
mechanisms are  as fo l lows:  
1. S t a t i o n a r y  p o i n t  c o n t r i b u t i o n  (specu lar  r e f l e c t e d  f i e l d )  
2. Two end p o i n t  c o n t r i b u t i o n s ,  and 
3. D i f f r a c t e d  f i e l d  from t h e  j u n c t i o n .  
The s t a t i o n a r y  p o i n t  c o n t r i b u t i o n  and t h e  end p o i n t  c o n t r i b u t i o n s  
f rom t h e  c y l i n d e r  a r e  known. 
i l l u m i n a t e d  by a magnet ic l i n e  source (see F i g u r e  4(b) ) ,  t h e  PO 
s c a t t e r e d  magnet ic f i e l d  i s  given by 
For  example, assuming t h a t  t h e  c y l i n d e r  i s  
A 
where c i s  a constant ,  s i s  the  u n i t  v e c t o r  i n  t h e  observa t ion  
d i r e c t i o n ,  and J i s  t h e  phys ica l  o p t i c s  c u r r e n t  which i s  g iven by 
-b 
PO 
-+ A + i  
Jpo = 2 n x H . 
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(b) 
F i g u r e  4(a). 
(b) .  
Various mechanisms c o n t r i b u t i n g  t o  t h e  s c a t t e r e d  f i e l d .  
Magnetic l i n e  source i l l u m i n a t i o n  o f  an i n f i n i t e l y  l o n g  









































a n d o  = Q  - s  
Then t h e  end p o i n t  c o n t r i b u t i o n s  are each g iven by 
d Fn-1 
where Fn = daF 
and Fo = F. (25) 
The f i r s t  two terms o f  the i n f i n i t e  s e r i e s  g i v e  a good 
approx imat ion  t o  t h e  end p o i n t  c o n t r i b u t i o n .  
a r e  assumed t o  be f a r  from t h e  s t a t i o n a r y  p o i n t .  Th i s  c o n d i t i o n  i s  
e a s i l y  met by t h e  upper end point .  
f o r  t h e  lower  end po in t .  To meet t h i s  requirement,  t h e  s k i r t  should be 
rep laced  by a p a r a b o l i c  s e c t i o n  o f  dimension a t  l e a s t  10 wavelengths as 
shown i n  F igu re  4(b). 
equal t o  t h a t  o f  t h e  o r i g i n a l  r e f l e c t o r .  
I n  (23), t h e  end p o i n t s  
However, t h e  same may not  be t r u e  
The foca l  l e n g t h  o f  t h e  p a r a b o l i c  s e c t i o n  i s  
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The s t a t i o n a r y  p o i n t  c o n t r i b u t i o n  and t h e  end p o i n t  c o n t r i b u t i o n s  
a r e  s u b t r a c t e d  from t h e  PO s c a t t e r e d  f i e l d .  Th is  leaves t h e  d i f f r a c t e d  
f i e l d  which comes from t h e  j u n c t i o n  between t h e  parabola and t h e  r o l l e d  
edge. This  i s  a two-dimensional  d i f f r a c t e d  f i e l d ,  which means t h a t  an 
a p p r o p r i a t e  spread f a c t o r  must be a p p l i e d  t o  t h i s  f i e l d  i n  o r d e r  t o  
o b t a i n  t h e  des i red three-dimensional  d i f f r a c t e d  f i e l d .  One needs t h e  
coord ina tes  o f  t h e  j u n c t i o n  t o  f i n d  t h e  spread f a c t o r .  Th is  i s  an i n p u t  
parameter and i s  equal t o  t h e  r a d i u s  of t h e  p a r a b o l o i d a l  s e c t i o n  o f  t h e  
r e f 1  ec tor .  
One a l s o  needs t o  i n p u t  t h e  cross s e c t i o n a l  shape o f  t h e  c y l i n d e r  
t o  c a r r y  ou t  the p h y s i c a l  o p t i c s  i n t e g r a t i o n .  T h i s  geometr ica l  shape i s  
read from u n i t  #17. 
i n f o r m a t i o n :  
The data f i l e  l i n k e d  t o  u n i t  #17 has t h e  f o l l o w i n g  
1. Number o f  samples (NS) along t h e  cross s e c t i o n  
2. p and z coord ina tes  of t h e  var ious  samples i n  cent imeters  
T h i s  f i l e  i s  read u s i n g  t h e  f o l l o w i n g  formats:  
Read (17,*) NS 
DO 2 I=l, NS 
2 Read (17,*) ( Z ( I ) , P ( I ) ) .  
Note t h a t  t h e  "*'' symbol i n d i c a t e s  f r e e  format  input .  
between t h e  samples should be o f  t h e  o r d e r  o f  O.O5X, where A i s  t h e  
wavelengths i n  cent imeters.  
o f  2001 samples (NS < 2001). 
value, t h e  f i r s t  statement i n  t h e  code should be changed accord ing ly .  
The spacing 
As w r i t t e n ,  t h e  code can handle a maximum 




















D, FEED BLOCKAGE 
The feed blockage i s  computed u s i n g  a p h y s i c a l  o p t i c s  i n t e g r a t i o n  
technique.  
d i s t a n c e  Za f rom t h e  center  o f  t h e  parabolo id .  
d e f i n e d  by t h e  coord ina tes  of i t s  corners.  The number o f  corners and 
t h e i r  coord ina tes  a r e  i n p u t  parameters. The p l a t e  i s  assumed t o  be 
symmetr ical  about t h e  Xa a x i s  as shown i n  F igure  5. 
i n c i d e n t  on t h e  f l a t  p l a t e  i s  assumed t o  be u n i f o r m  and equal t o  t h e  
specu lar  r e f l e c t e d  f i e l d  a t  (Q,O,Za). Fo r  small  p l a t e s ,  t h e  s u r f a c e  
i n t e g r a t i o n  i s  rep laced by a contour i n t e g r a t i o n  a long t h e  p e r i p h e r y  o f  
t h e  p l a t e  [3]. 
r e c t a n g u l a r  patches as shown i n  F i g u r e  5 ( b ) .  
number o f  r e c t a n g u l a r  segments i s  equal t o  625. The corners o f  t h e  f l a t  
p l a t e  a r e  numbered i n  a c lockwise f a s h i o n  as shown i n  F i g u r e  5(b) .  
The feed a p e r t u r e  i s  assumed t o  be a f l a t  p l a t e  l o c a t e d  a t  a 
The f l a t  p l a t e  i s  
The f i e l d  
Fo r  l a r g e  p la tes,  t h e  p l a t e  i s  subd iv ided i n t o  
As w r i t t e n ,  t h e  maximum 
The var ious  i n p u t  and output statements a re  exp la ined i n  t h e  nex t  
sec t ion .  
111, INPUT AND OUTPUT STATEMENTS 
A, INPUT DATA 
The code i s  w r i t t e n  t o  accept t h e  i n p u t  da ta  on an i n t e r a c t i v e  
b a s i s  i n  f r e e  format,  i.e., a statement w i l l  appear on t h e  u s e r ' s  
t e r m i n a l  e x p l a i n i n g  what i n p u t  i s  needed. These statements a r e  s e l f  






F i g u r e  5. F l a t  p l a t e  used t o  compute feed blockage. 
symmetrical about t h e  Xa ax is .  
p a r a l l e l  t o  t h e  x-y plane. 
The p l a t e  i s  








































a)  General i n p u t  data, and 
b )  S p e c i f i c  i n p u t  data. 
General i n p u t  data i s  needed t o  compute any one o f  t h e  f o u r  
mechanisms. S p e c i f i c  i n p u t  data i s  t h e  i n p u t  f o r  an i n d i v i d u a l  















I n p u t  t h e  frequency i n  GHz. 
I npu t  t h e  d i s tance  o f  t h e  f o c a l  p o i n t  from t h e  cen te r  o f  t h e  
p a r a b o l o i d  i n  fee t .  
I npu t  t h e  t i l t  angle o f  t h e  feed. 
I npu t  t h e  magnitude o f  t h e  magnetic d i p o l e s  a long x and y 
axes. 
I npu t  t h e  magnitude o f  t h e  e l e c t r i c  d i p o l e s  a long x and y 
axes. 
I n p u t  t h e  d i s tance  of t h e  f i e l d  p lane from t h e  cen te r  o f  t h e  
p a r a b o l o i d  i n  fee t .  
I n p u t  t h e  ph i  c u t  i n  degrees. 
I npu t  t h e  s t a r t  po in t  and end p o i n t  f o r  probing. 
I npu t  t h e  d i s tance  between f i e l d  p o i n t s  i n  fee t .  
Do you want GO term? I f  yes, t y p e  1. 
no you want j u n c t i o n  d i f f r a c t i o n ?  I f  yes, t ype  1. 
Do you want s k i r t  d i f f r a c t i o n ?  If yes, t ype  1. 
no you want feed blockage? I f  yes, t y p e  1. 
Do you want e l e c t r i c  f i e l d  components? I f  yes, t y p e  1. 
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Statements 1 and 2 de f ine  t h e  frequency o f  o p e r a t i o n  and t h e  f o c a l  
l e n g t h  o f  t h e  paraboloid.  
c o n f i g u r a t i o n .  
focus o f  t h e  r e f l e c t o r  (see F i g u r e  1). 
i n  F i g u r e  6. 
s imu la ted  u s i n g  f o u r  s h o r t  d i p o l e s  ( two magnetic d i p o l e s  and two 
e l e c t r i c  d ipo les) .  
o r i e n t e d  a long negat ive  Xf ,  t h e  magnitude of t h e  d i p o l e s  w i l l  be 
Statements 3, 4 and 5 d e f i n e  t h e  feed 
The phase c e n t e r  o f  t h e  feed i s  assumed t o  be a t  t h e  
The feed may be t i l t e d  as shown 
The ti lt angle ( a )  i s  d e f i n e d  i n  statement 3. The feed i s  
Two d i p o l e s  a r e  o r i e n t e d  a long Xf ( i f  d i p o l e s  are  
n e g a t i v e )  and the o t h e r  two a r e  o r i e n t e d  a long yf. 
magnitudes a r e  t h e i r  magnetic f i e l d  s t r e n g t h  a t  a u n i t  d is tance.  
The d i p o l e  
For 
example, f o r  a magnetic d i p o l e  o r i e n t e d  as shown i n  F i g u r e  7, t h e  
magnet ic f i e l d  i s  g iven  by 
- j k R  e 
H = -e H s in0  - m R 
where Hm i s  inpu t  t o  t h e  program and R i s  t h e  d i s t a n c e  o f  t h e  
observa t ion  p o i n t  f rom t h e  d i p o l e  i n  cent imeters.  S i m i l a r l y ,  f o r  an 
e l e c t r i c  d i p o l e  o r i e n t e d  a long t h e  z a x i s ,  t h e  magnet ic f i e l d  i s  g iven 
by 
- j k R  
-+ A e 
H = -4 H s in0  - e R 
where He i s  t h e  i n p u t  t o  t h e  program. 
d i p o l e s  are  def ined i n  statements 4 and 5. 
The magnitudes o f  t h e  var ious  
Statements 6, 7, 8 and 9 d e f i n e  t h e  p r o b i n g  d is tance,  ph i  c u t  and 















F i g u r e  6. Feed c o n f i g u r a t i o n  w i t h  feed ti lt s p e c i f i e d  by a. 





F i g u r e  7. Short magnetic dipole. 
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these statements a r e  shown i n  F i g u r e  8. 
t h e  d i s t a n c e  o f  t h e  f i e l d  p lane from t h e  c e n t e r  o f  t h e  parabolo id .  
angle (0) i s  the p h i  c u t  f o r  f i e l d  p rob ing  which i s  l i m i t e d  between Oo 
and ! IOo .  The performance f o r  + < O 0  w i l l  be t h e  same as f o r  $>Oo. The 
s t a r t  and end p o i n t s  f o r  p rob ing  a r e  a l s o  shown i n  t h e  f i g u r e .  Note 
t h a t  f o r  a s e m i c i r c u l a r  f i e l d  plane, t h e  s t a r t  and end p o i n t s  a r e  
independent o f  t h e  p h i  c u t  (0). The s t a r t  and end p o i n t s  should l i e  
between 0 and R, where R i s  equal t o  t h e  r a d i u s  o f  t h e  parabolo id .  The 
d i s t a n c e  between f i e l d  p o i n t s  should be chosen such t h a t  t h e  t o t a l  
number o f  f i e l d  p o i n t s  i s  a t  l e a s t  equal t o  75. Present ly ,  t h e  code i s  
s e t  t o  compute t h e  f i e l d  a t  a maximum of 201 po in ts .  I f  more than 201 
p o i n t s  a r e  needed, one should change statement 2 i n  t h e  code 
accord i  n g l  y . 
Note t h a t  Zo i n  t h i s  f i g u r e  i s  
The 
Statements 10, 11, 12 and 13 d e f i n e  t h e  var ious  mechanisms t o  be 
computed. One can choose any combinat ion of mechanisms. S p e c i f i c  data 
f o r  each mechanism i s  d iscussed below. 
Statement 14 de f ines  t h e  output .  The code computes bo th  e l e c t r i c  
and magnetic f i e l d s  b u t  o n l y  one i s  s t o r e d  as an o u t p u t  f i l e .  The 
o u t p u t  f i e l d  chosen by t h e  user  i s  d e f i n e d  by statement 14. 
S p e c i f i c  i n p u t  data f o r  t h e  var ious  mechanisms i s  d e f i n e d  as 
f o l l  ows : 
i ) Specular Reflection (GO): No s p e c i f i c  i n p u t  requ i red .  
i i )  Junction Diffraction: To compute j u n c t i o n  d i f f r a c t i o n ,  as 
discussed i n  Section 11, one should d e f i n e  t h e  d i s t a n c e  o f  t h e  j u n c t i o n  
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Figure  8. D e s c r i p t i o n  o f  the observation plane. 
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UT 
p a r a b o l o i d a l  sec t ion  o f  t h e  r e f l e c t o r .  The f o l l o w i n g  statement w i l l  
appear on t h e  user 's  t e r m i n a l .  
' I n p u t  t h e  d i s t a n c e  o f  t h e  j u n c t i o n  from t h e  c e n t e r  o f  t h e  
p a r a b o l o i d  i n  feet  I .  
I n  a d d i t i o n ,  one needs t o  i n p u t  t h e  c r o s s - s e c t i o n  o f  t h e  c y l i n d e r  
(see Sect ion 11) f o r  t h e  p h y s i c a l  o p t i c s  i n t e g r a t i o n .  Th is  i n f o r m a t i o n  
should be i n p u t  on u n i t  #17 and i s  a u t o m a t i c a l l y  read by t h e  code. The 
format  o f  t h i s  i n p u t  data was g iven i n  Sect ion 11. 
i i i )  Ski r t  Diffraction: No s p e c i f i c  i n p u t  requi red.  
i v )  
assumed t o  be a f l a t  p l a t e  whose normal i s  a l i g n e d  w i t h  t h e  z a x i s  o f  
t h e  o r i g i n a l  r e f l e c t o r  system. The f l a t  p l a t e  i s  d e f i n e d  by t h e  
Feed Blockage: To compute t h e  feed blockage, t h e  feed a p e r t u r e  i s  
coord ina tes  o f  i t s  corners.  I f  t h e  feed a p e r t u r e  i s  c i r c u l a r ,  i t  should 
be approximated by a polygon. The geometry o f  t h e  f l a t  p l a t e  i s  read by 
t h e  f o l l o w i n g  i n p u t  statements. 
1. 
2. Input  t h e  number o f  corners i n  t h e  feed aper ture.  
3. Input  t h e  x,y coord ina tes  o f  t h e  corners  i n  inches. 
Input  t h e  z l o c a t i o n  of t h e  feed a p e r t u r e  i n  fee t .  
The z l o c a t i o n  o f  t h e  feed a p e r t u r e  i s  t h e  d i s t a n c e  a long t h e  z 
a x i s  from t h e  center o f  t h e  parabolo id .  Statement 2 d e f i n e s  t h e  number 
o f  corners  i n  the f l a t  p l a t e .  As w r i t t e n ,  t h e  maximum number o f  corners  
p e r m i t t e d  i n  the code i s  ten. 
t h e  corners o f  the p l a t e .  As discussed i n  Sect ion 11, t h e  corners  a r e  
numbered according t o  a c lockwise  convent ion w i t h  t h e  f i r s t  corner  a long 
t h e  p o s i t i v e  x d i r e c t i o n  or i n  t h e  f i r s t  quadrant w i t h  t h e  s m a l l e s t  
d i s t a n c e  f rom the x axis.  The p l a t e  i s  assumed t o  be symmetr ical  about 
Statement 3 d e f i n e s  t h e  coord ina tes  of 
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I V .  SMPLE RESULTS 






B, OUTPUT DATA 
The code s to res  the  f i e l d  due t o  each mechanism as w e l l  as t h e  
t o t a l  f i e l d  i n  terms o f  separate ou tpu t  f i l e s .  
a l l  t h r e e  components (x,y,z) o f  e i t h e r  t h e  e l e c t r i c  o r  t h e  magnetic 
f i e l d  a re  stored. The specu lar  r e f l e c t e d  f i e l d  i s  s t o r e d  on u n i t  #20, 
t h e  j u n c t i o n  d i f f r a c t i o n  on u n i t  #21, t h e  s k i r t  d i f f r a c t i o n  on u n i t  #22, 
t h e  feed blockage on u n i t  #23, and t h e  t o t a l  f i e l d  on u n i t  #24. The 
f i e l d s  a r e  s t o r e d  f o r  va r ious  r a d i a l  d is tances  from t h e  p a r a b o l o i d  a x i s  
u s i n g  t h e  f o l l  owing format : 
As chosen by t h e  user, 
WRITE (IUNIT,100) D IS( I ) ,  FX( I ) ,  FY( I ) ,  FZ(1) 
100 FORMAT (7E 16.6) 
where IUNIT=20, 21, 22, 23 o r  24; F X ( I ) ,  FY(1) AND FZ(1)  a re  t h e  x,y, 
and z components o f  t h e  f i e l d  a t  Ith prob ing  p o i n t  and D I S ( 1 )  i s  t h e  
r a d i a l  d i s t a n c e  ( i n  f e e t )  o f  the I t h  p rob ing  po in t .  
Some sample r e s u l t s  obtained u s i n g  t h i s  code a re  g i ven  i n  t h e  next  
Sect i on . 
I n  t h i s  sec t i on ,  some r e s u l t s  ob ta ined us ing  t h e  computer code a r e  
presented  t o  i l l u s t r a t e  t h e  code's c a p a b i l i t y  as w e l l  as be ing  samples 
o f  i n p u t / o u t p u t  sets. 
w i t h  a blended r o l l e d  edge i s  used f o r  i l l u s t r a t i o n .  The f o c a l  l e n g t h  
o f  t h e  r e f l e c t o r  i s  24 f e e t ,  and t h e  frequency o f  ope ra t i on  i s  2 GHz. 
S c i e n t i f i c - A t l a n t a ' s  15 foo t  r e f l e c t o r  antenna 
F i g u r e  9 shows a c ross-sec t iona l  view ( i n  
r e f l e c t o r .  Note t h a t  t h e  r e f l e c t o r  has a 
t h e  xz p lane)  o f  t h e  
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F i g u r e  9. Cross-sect ional  view o f  t h e  semi - c i r c u l a r  S c i e n t i f i c - A t l a n t a  
r e f l e c t o r  i n  t h e  xz plane. 
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i 
and a s k i r t  a t  t h e  bottom. 
s e c t i o n  used as t h e  r o l l e d  edge i s  100 cen t ime te rs  (cm) and i t s  semi 
minor a x i s  i s  40 cm. The l e n g t h  o f  t h e  p a r a b o l i c  s e c t i o n  used i n  t h e  
blended r o l l e d  edge i s  400 cm. The two sec t i ons  ( e l l i p t i c a l  and para- 
b o l i c )  are blended u s i n g  a cosine b lend ing  f u n c t i o n  [see Appendix AJ. 
The code i s  used t o  compute t h e  f i e l d  s c a t t e r e d  by t h e  r e f l e c t o r  
a long var ious  r a d i a l  c u t s  a t  a d is tance o f  36 fee t  from t h e  cen te r  of 
t h e  r e f l e c t o r .  The t o t a l  sca t te red  f i e l d  as w e l l  as f i e l d  s c a t t e r e d  i n  
terms o f  t h e  i n d i v i d u a l  mechanisms a re  computed. As p o i n t e d  out i n  
Sec t i on  11, one needs t h e  c ross -sec t i ona l  shape of t h e  i n f i n i t l y  l ong  
c y l i n d e r  t o  compute t h e  d i f f r a c t i o n  f r o m  t h e  j u n c t i o n  between t h e  
parabol  o i  d and t h e  blended r o l l  ed edge. 
ob ta ined  us ing  t h e  computer code "SURFACE". A l i s t i n g  o f  t h e  computer 
code "SURFACE" i s  g iven  i n  Appendix A. Th is  code reads t h e  i n p u t  da ta  
f rom u n i t  #70. The i n p u t  da ta  f i l e  assigned t o  u n i t  #70 conta ined t h e  
f o l  1 owing i n f o r m a t i o n :  
The semi major a x i s  o f  t h e  e l l i p t i c a l  








loo. ,  40. 
0.05 
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F i g u r e  10 shows t h e  c ross -sec t i ona l  shape ob ta ined u s i n g  t h e  
computer code. Note t h a t  t h e  c ross -sec t i ona l  shape i s  s i m i l a r  t o  t h e  
I c ross -sec t i on  o f  t h e  r e f l e c t o r  (see F i g u r e  9) except t h a t  t h e  s k i r t  i s  
rep laced by a pa rabo l i c  sec t i on .  
5 fee t  which i s  rough ly  equal t o  10 wavelengths a t  2 GHz. 
f i e l d  a long a . v e r t i c a 1  c u t  ( + = O " )  f o r  var ious  feeds i s  computed f i r s t .  
The s c a t t e r e d  magnetic f i e l d  i s  p l o t t e d  here. 
The l e n g t h  o f  t h e  p a r a b o l i c  s e c t i o n  i s  
The s c a t t e r e d  
F i g u r e  11 shows t h e  co -po la r i zed  ( y )  componentt o f  t h e  s c a t t e r e d  
magnetic f i e l d  i n  a v e r t i c a l  c u t  (+=Oo) a t  a d i s t a n c e  o f  36 f e e t  from 
t h e  cen te r  o f  the r e f l e c t o r  when t h e  feed i s  a s h o r t  magnetic d i p o l e  
o r i e n t e d  a long yf a x i s  (see F i g u r e  6). 
zero. The various mechanisms inc luded  i n  t h e  f i e l d  computat ion are  t h e  
specu lar  r e f l e c t i o n ,  j u n c t i o n  d i f f r a c t i o n  and s k i r t  d i f f r a c t i o n .  The 
p l o t  i n  F igu re  11 was ob ta ined by us ing  t h e  ou tpu t  on u n i t  #24. The 
i n p u t  da ta  t o  the code i s  g iven  below which was i n p u t  on an i n t e r a c t i v e  
bas i s :  
The t i l t  angle of t h e  feed i s  
INPUT THE FREQUENCY I N  GHz. 
2 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARAPOLOID I N  FEET 
INPUT THE TILT ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
24. 
0. 
O . , l .  
0. ,o. 
- 
The c ross-po la r ized  component ( x  component) i n  t h i s  case i s  
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Figure 11. The co-polarized (y )  component of the scattered magnetic 
field versus vertical displacement. Note t h a t  $ = O o ,  and 
feed i s  a short horizontal magnetic dipole. Various 
mechanisms included in the scattered f i e ld  are: 
1. specular reflection 
2. junction di f f ract i on 


























INPUT THE DISTANCE OF THE FIELD PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END P O I N T  FOR FIELD PROBING 
INPUT THE DISTANCE BETWEEN FIELD POINT I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
DO YOU WANT S K I R T  DIFFRACTION? I F  YES, TYPE 1 
DO YOU WANT FEED BLOCKAGE? I F  YES, TYPE 1 
DO YOU WANT ELECTRIC FIELD COMPONENTS? I F  YES, TYPE 1 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 











I n  F igu re  11, t h e  ampl i tude o f  t h e  s c a t t e r e d  magnet ic f i e l d  i s  
p l o t t e d  versus t h e  v e r t i c a l  displacement. Note t h a t  t h e  s c a t t e r e d  f i e l d  
magnitude decreases w i t h  an increase i n  t h e  v e r t i c a l  displacement. The 
drop i n  t h e  s c a t t e r e d  f i e l d  i s  due t o  t h e  drop i n  t h e  specu la r l y  
r e f l e c t e d  f i e l d  which i s  shown i n  F igu re  12. I n  t h i s  cu t ,  t h e  feed has 
u n i f o r m  pa t te rn .  However, t h e  d is tance between t h e  p o i n t  o f  r e f l e c t i o n  
and t h e  feed increases  w i t h  an increase i n  t h e  v e r t i c a l  displacement. 
The decrease i n  t h e  i n c i d e n t  f i e l d  r e s u l t s  i n  a drop i n  t h e  r e f l e c t e d  
f i e l d .  The t o t a l  sca t te red  f i e l d  o s c i l l a t e s  around t h e  s p e c u l a r l y  
r e f l e c t e d  f i e l d .  These o s c i l l a t i o n s  are  due t o  t h e  j u n c t i o n  and s k i r t  
d i f f r a c t i o n s .  The r i p p l e  s i z e  o f  t h e  o s c i l l a t i o n s  f o r  v e r t i c a l  
d isplacements between 3.5 f e e t  and 13.5 f e e t  i s  l e s s  than 0.2 dB. 
t h e  d i f f r a c t e d  f i e l d s  i n  t h i s  region are  q u i t e  smal l  which i s  f u r t h e r  
Thus, 
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F i g u r e  12. The s p e c u l a r l y  r e f l e c t e d  f i e l d  component versus v e r t i c a l  
displacement. 
h o r i z o n t a l  magnet ic d ipo le.  












F i g u r e  13. The j u n c t i o n  d i f f r a c t e d  f i e l d  component versus v e r t i c a l  
displacement. Note t h a t  +=Oo and t h e  feed i s  a short  
h o r i z o n t a l  magnetic dipole.  
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I V E R T I C R L  DISPLRCEMENT ( F E E T !  
I I I I  1 1 1 1  1 1 l l ~ 1 l 1 1 ~ I 1 ' '  
4 
F i g u r e  14. The s k i r t  d i f f r a c t e d  f i e l d  component versus v e r t i c a l  
displacement. 
h o r i  zon ta l  magnetic d ipo le .  

































d i f f r a c t i o n  and t h e  s k i r t  d i f f r a c t i o n  a r e  p l o t t e d ,  r e s p e c t i v e l y ,  versus 
t h e  v e r t i c a l  displacement. Note t h a t  each te rm i s  p l o t t e d  r e l a t i v e  t o  
t h e  same l e v e l  so t h a t  r e s u l t s  can be compared. As expected t h e  s k i r t  
d i f f r a c t i o n  i s  dominant f o r  small v e r t i c a l  d isplacements;  whereas, t h e  
j u n c t i o n  d i f f r a c t i o n  i s  dominant near t h e  edge o f  t h e  p a r a b o l o i d  
( v e r t i c a l  d isplacement equal t o  15 feet ) .  Thus f o r  v e r t i c a l  
d isplacements between 3.5 f e e t  and 13.5 feet ,  t h e  major  v a r i a t i o n  i n  t h e  
s c a t t e r e d  f i e l d  i s  due t o  t h e  specular r e f l e c t i o n .  T o  decrease t h i s  
v a r i a t i o n  o r  t a p e r  i n  t h e  f i e l d ,  one should change t h e  i l l u m i n a t i o n  o f  
t h e  r e f l e c t o r .  
F i g u r e  15 shows t h e  x component of t h e  s c a t t e r e d  magnet ic f i e l d  
when t h e  s h o r t  magnetic d i p o l e  used as t h e  feed i n  t h e  prev ious  example 
i s  o r i e n t e d  a long t h e  xf a x i s  (see F i g u r e  6). A l l  o t h e r  parameters a r e  
t h e  same as before.  The i n p u t  data s e t  i s  as f o l l o w s :  
INPUT THE FREQUENCY I N  GHz. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARABOLOID I N  FEET 
INPUT THE T I L T  ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE FIELO PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 











INPUT START POINT AND END POINT FOR F I E L D  PROBING 
INPUT THE DISTANCE BETWEEN FIELD POINTS I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
33 
TOTAL SCATTERED FIELD 
SPECULAR REFLECTION --- 
./ 
3.  6 .  9. 12.  
V E R T 1  CGL 0: SPLRCEMENT ( F E E T )  
1 5 1  
I 
F i g u r e  15. Co-pol a r i  zed ( x )  component o f  t h e  s c a t t e r e d  magnet ic versus 
v e r t i c a l  displacement. Note t h a t  $ = O o ,  and t h e  feed i s  a 
shor t  v e r t i c a l  magnetic d ipo le .  Var ious mechanisms i n c l u d e d  
i n  t h e  s c a t t e r e d  f i e l d  a re :  
1. Specul a r  r e f  1 e c t  i on 
2. Junct i on d i  f f r a c t  i on 








































DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
DO YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 
I30 YOU WANT FEED BLOCKAGE? I F  YES, TYPE 1 
DO YOU WANT ELECTRIC FIELD COMPONENTS? I F  YES, TYPE 1 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 






For  t h i s  feed a l s o  t h e  c ross-po la r ized  ( y )  component i n  t h e  
v e r t i c a l  c u t  i s  n e g l i g i b l e .  Again t h e  s c a t t e r e d  f i e l d  drops w i t h  an 
i n c r e a s e  i n  t h e  v e r t i c a l  displacement. The drop i n  t h e  s c a t t e r e d  f i e l d  
i s  aga in  due t o  t h e  drop i n  t h e  s p e c u l a r l y  r e f l e c t e d  f i e l d .  The 
s p e c u l a r l y  r e f l e c t e d  f i e l d  i s  shown by t h e  broken curve  i n  F i g u r e  15. 
Comparing t h e  r e s u l t s  shown i n  F igures 11 and 15, one can see t h a t  f o r  
t h e  v e r t i c a l  o r i e n t e d  magnet ic d i p o l e  (a long x f ) ,  t h e  drop i n  t h e  
s c a t t e r e d  f i e l d  i s  more than t h a t  f o r  t h e  h o r i z o n t a l l y  o r i e n t e d  magnet ic 
d i p o l e .  The reason f o r  t h i s  behavior i s  t h a t  t h e  v e r t i c a l  d i p o l e  does 
n o t  have a u n i f o r m  r a d i a t i o n  p a t t e r n  i n  a v e r t i c a l  cut .  I n s t e a d  t h e  
r a d i a t i o n  i n t e n s i t y  i s  t h e  maximum f o r  O=Oo ( o r  a zero v e r t i c a l  
d isp lacement)  and i t  decreases w i t h  an inc rease i n  6. Thus, t h e  drop i n  
t h e  r e f l e c t e d  f i e l d  versus v e r t i c a l  d isplacement i s  l a r g e r  i n  t h i s  case. 
Again t h e  v a r i a t i o n  i n  t h e  s c a t t e r e d  f i e l d  due t o  t h e  j u n c t i o n  and s k i r t  
d i f f r a c t i o n s  f o r  v e r t i c a l  displacement between 3.5 and 13.5 f e e t  a r e  
q u i t e  smal 1 . 
I n  t h e  case of t h e  v e r t i c a l  magnet ic d ipo le ,  one can t i l t  t h e  
d i p o l e  such t h a t  i t s  r a d i a t i o n  i n t e n s i t y  i s  a maximum near t h e  edge o f  
t h e  parabolo id .  
r e f l e c t o r  edge due t o  t h e  increase i n  t h e  d i s t a n c e  from t h e  feed w i l l  be 
I n  t h i s  case, the drop i n  t h e  i n c i d e n t  f i e l d  near t h e  
35 
compensated by the  inc rease i n  t h e  r a d i a t i o n  i n t e n s i t y .  
s p e c u l a r l y  r e f l e c t e d  w i l l  be more u n i f o r m  i n  a v e r t i c a l  cut .  However, 
t h e  s p e c u l a r l y  r e f l e c t e d  f i e l d  i n  o t h e r  c u t s  (@loo)  w i l l  n o t  be uni form. 
Other feed conf igura t ions ,  t h e r e f o r e ,  should be tes ted .  
F igures  16 and 17 show t h e  s c a t t e r e d  magnet ic f i e l d  i n  t h e  v e r t i c a l  
Thus, t h e  
c u t  when t h e  feed i s  a s h o r t  e l e c t r i c  d i p o l e  o r i e n t e d  a long xf  and yf, 
r e s p e c t i v e l y .  Al l  o t h e r  parameters a re  t h e  same as before.  The i n p u t  
data f o r  these two examples are  g iven below. 









FREQUENCY I N  GHz. 
DISTANCE OF THE FOCAL POINT FROM THE 
THE PARABOLOID I N  FEET 
T I L T  ANGLE OF THE FEED 
MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE F I E L O  PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END POINT FOR F I E L O  PROBING 
INPUT THE I l ISTANCE BETWEEN F I E L D  POINTS I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
DO YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 


















































F i g u r e  16. Co-polar ized (y) component o f  t h e  s c a t t e r e d  magnet ic f i e l d  
versus v e r t i c a l  displacement. Note t h a t  1$=0", and t h e  feed 
i s a s h o r t  v e r t i c a l  e l  e c t r i  c a l  d i  p o l  e. Var ious mechani sms 
i n c l u d e d  i n  t h e  sca t te red  f i e l d  a re :  
1. Specular r e f l e c t i o n  
2. Junc t ion  d i f f r a c t i o n  





TOTAL SCATTERED FIELD 
_.-- SPECULAR REFLECTION 
1 
F i g u r e  17. Co-polar ized ( x )  component o f  t h e  s c a t t e r e d  magnet ic f i e l d  
versus v e r t i c a l  displacement. Vote t h a t  (b=Oo,  and t h e  feed 
i s  a s h o r t  h o r i  z o n t a l  e l e c t r i c  d i  p o l  e. 
inc luded i n  t h e  s c a t t e r e d  f i e l d  are:  
Var ious mechani sm 
1. Specular r e f l e c t i o n  
2. J u n c t i o n  d i f f r a c t i o n  





















DO YOU WANT ELECTRIC F I E L D  COMPONENTS? I F  YES, TYPE 1 
0 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
15. 
ii) Input data for horizontal electric dipole: 
INPUT THE FREQUENCY I N  GHz. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARABOLOID I N  FEET 
INPUT THE T I L T  ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE F IELD PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END PIONT FOR F I E L D  PROBING 
INPUT THE DISTANCE RETWEEN F I E L D  POINTS I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
00 YOU WANT JUNCTION DIFFRACTION? I F  YES, TYPE 1 
DO YOU WANT SKIRT DIFFRACTION? IF YES, TYPE 1 
00 YOU WANT FEED BLOCKAGE? I F  YES, TYPE 1 
00 YOU WANT ELECTRIC F I E L D  COMPONENTS? I F  YES, TYPE 1 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 
















The s p e c u l a r l y  r e f l e c t e d  f i e l d s  f o r  t h e  two feeds a r e  a l s o  shown i n  
F i g u r e s  16 and 17. The cross p o l a r i z e d  s c a t t e r e d  f i e l d  f o r  these two 
feeds i n  t h e  v e r t i c a l  c u t  i s  again n e g l i g i b l e .  F r o m  t h e  p l o t s  i n  
F i g u r e s  16 and 17, one can draw the same conc lus ions  as before.  
39 
I n  a l l  examples considered above, t h e  major v a r i a t i o n  i n  t h e  
s c a t t e r e d  f i e l d  was due t o  non-uniform i l l u m i n a t i o n  of t h e  r e f l e c t o r .  
, 40 
One way t o  get  a more uni form r e f l e c t o r  i l l u m i n a t i o n  i s  t o  use a Huygen 
source as t h e  feed and t i l t  t h e  feed such t h a t  t h e  r a d i a t i o n  i n t e n s i t y  
o f  t h e  feed i s  maximum near t h e  t o p  edge o f  t h e  parabolo id .  F i g u r e  18 
shows t h e  s c a t t e r e d  f i e l d  o f  t h e  r e f l e c t o r  i n  t h e  v e r t i c a l  c u t  when t h e  
feed i s  a Huygen source (one s h o r t  e l e c t r i c  d i p o l e  o r i e n t e d  a long xf and 
another  s h o r t  magnetic d i p o l e  o r i e n t e d  a long y f ) .  The feed i s  t i l t e d  by 
17.45'. The input  data s e t  f o r  t h i s  case i s  as f o l l o w s :  
INPUT THE FREQUENCY I N  GHz. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARABOLOID I N  FEET 
INPUT THE T I L T  ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC OIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE F I E L D  PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END POINT FOR F I E L D  PROBING 
INPUT THE DISTANCE BETWEEN F I E L D  POINTS I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
DO YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 






























TOTAL SCATTERED F I E L D  






F i g u r e  18. Co-polar ized (y) component o f  t h e  s c a t t e r e d  magnet ic f i e l d  
versus v e r t i c a l  displacement. Note t h a t  +=Oo, and t h e  feed 
i s  a Huygen's source t i l t e d  by 1 7 . 4 5 O .  Various mechanisms 
inc luded  i n  t h e  f i e l d  computat ion are:  
1. Specular r e f l e c t i o n  
2. Junc t ion  d i  f f r a c t  i on 
3. Ski r t  d i  f f r a c t  i on 
41 
DO YOU WANT ELECTRIC FIELD COMPONENTS? I F  YES, TYPE 1 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 
OF THE PARABOLOIn I N  FEET 
O 
15. 
I n  F i g u r e  18, t h e  co-po la r ized  ( y )  component o f  t h e  s c a t t e r e d  
magnet ic f i e l d  i s  p l o t t e d  versus t h e  v e r t i c a l  displacement. Again t h e  
c r o s s - p o l a r i z e d  component of t h e  s c a t t e r e d  f i e l d  i s  very  small  and, 
t h e r e f o r e ,  i s  not shown. The var ious  s c a t t e r i n g  mechanisms i n c l u d e d  i n  
t h e  f i e l d  computation are:  t h e  specu lar  r e f l e c t i o n ,  t h e  j u n c t i o n  
d i f f r a c t i o n  and t h e  s k i r t  d i f f r a c t i o n .  
i s  shown by the broken curve i n  t h e  f igure .  
r e f l e c t i o n  i n  t h i s  case w i t h  p rev ious  examples (see F igures  12, 15, 16 
and 17), one can see t h a t  t h e  drop i n  t h e  s p e c u l a r l y  r e f l e c t e d  f i e l d  f o r  
a v e r t i c a l  displacement between 3 f e e t  and 12 f e e t  i s  t h e  smal les t  f o r  
t h e  Huygen's source. However, even f o r  t h e  Huygen's source, t h e  
s c a t t e r e d  f i e l d  drops by approx imat ley 0.5 dB. Therefore,  t h e  t i lt 
angle o f  t h e  feed should be increased. Again t h e  r i p p l e  s i z e  o f  t h e  
o s c i l l a t i o n s  i n  t h e  s c a t t e r e d  f i e l d  f o r  v e r t i c a l  d isplacements between 
3.5 f e e t  and 13.5 f e e t  i s  l e s s  than 0.2 do. 
The s p e c u l a r l y  r e f l e c t e d  f i e l d  
Comparing t h e  specular  
F i g u r e  19 shows t h e  s c a t t e r e d  f i e l d  when t h e  t i l t  angle o f  t h e  feed 
i s  increased t o  30'. A l l  o t h e r  parameters a r e  t h e  same as before. The 
s p e c u l a r l y  r e f l e c t e d  component o f  t h e  s c a t t e r e d  f i e l d  i s  shown by t h e  
broken curve  i n  t h e  f igure.  
f i e l d  does no t  vary much w i t h  v e r t i c a l  displacement. For  v e r t i c a l  
d isplacements between 0 and 12 feet,  t h e  v a r i a t i o n  i n  t h e  specu lar  
r e f l e c t i o n  i s  l e s s  than 0.3 dR. Thus, t h i s  feed i s  d e s i r a b l e  if a more 




































TOTAL SCATTERED FIELD 
--- SPECULAR REFLECT ION 
1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 ' ' 1 1  
F i g u r e  19. Co-polar ized (y)  component of t h e  s c a t t e r e d  magnetic f i e l d  
versus v e r t i c a l  displacement. Note t h a t  $ = O o ,  and t h e  feed 
i s  a Huygen's source t i l t e d  by 30°. Various mechanisms 
inc luded i n  t h e  f i e l d  computation a r e :  
1. Specular r e f l e c t i o n  
2. Junct i on di f f  r a c t  i on 
3. Ski r t  d i  f f ract  i on 
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u n i f o r m  aper tu re  i l l u m i n a t i o n  i s  requi red.  The i n p u t  data s e t  f o r  t h i s  
example i s  given below: 
INPUT THE FREQUENCY I N  GHZ. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARABOLOIO I N  FEET 
INPUT THE T I L T  ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE F I E L D  PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END POINT FOR F I E L D  PROBING 
INPUT THE DISTANCE BETWEEN F I E L D  POINTS I N  FEET 
00 YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
00 YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 
00 YOU WANT FEED BLOCKAGE? I F  YES, TYPE 1 
DO YOU WANT ELECTRIC F I E L D  COMPONENTS? I F  YES, TYPE 1 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 
















The t o t a l  s c a t t e r e d  f i e l d  i n  F igure  19 o s c i l l a t e s  around t h e  
s p e c u l a r l y  r e f l e c t e d  f i e l d .  As p o i n t e d  o u t  be fore ,  these o s c i l l a t i o n s  
a r e  due t o  t h e  j u n c t i o n  and s k i r t  d i f f r a c t i o n s .  Again t h e  r i p p l e  s i z e  
o f  t h e  o s c i l l a t i o n s  f o r  v e r t i c a l  d isplacements between 3.5 and 13.5 f e e t  








































smal l  as can be seen from t h e  r e s u l t s  shown i n  F igures  20 and 21, where 
t h e  j u n c t i o n  and s k i r t  d i f f r a c t e d  f i e l d s  are, r e s p e c t i v e l y ,  p l o t t e d  
versus t h e  v e r t i c a l  displacement. These p l o t s  were ob ta ined f rom t h e  
o u t p u t  data s t o r e d  on u n i t s  #21 and 22, r e s p e c t i v e l y .  Again, as 
expected, t h e  j u n c t i o n  d i f f r a c t i o n  i s  s t r o n g  near t h e  edge o f  t h e  
p a r a b o l o i d  ( v e r t i c a l  displacement - 15 f e e t )  w h i l e  t h e  s k i r t  d i f f r a c t i o n  
i s  s t r o n g  near t h e  bottom o f  the r e f l e c t o r .  
d i f f r a c t e d  f i e l d  i s  more than t h a t  o f  t h e  s k i r t  d i f f r a c t e d  f i e l d .  
t h e  usable t a r g e t  zone l o s t  due t h e  s k i r t  d i f f r a c t i o n  w i l l  be more than 
t h a t  due t o  t h e  j u n c t i o n  d i f f r a c t i o n .  Th is  i s  c l e a r  f rom t h e  t o t a l  
s c a t t e r e d  f i e l d  p l o t  i n  F i g u r e  19. 
r i p p l e  i s  0.2 dB, one loses  approx imate ly  3.5 fee t  i n  terms o f  t a r g e t  
zone dimensions due t o  t h e  s k i r t  d i f f r a c t i o n  w h i l e  o n l y  1.5 f e e t  i s  l o s t  
due t o  t h e  j u n c t i o n  d i f f r a c t i o n .  The reason f o r  t h i s  i s  t h a t  t h e  
j u n c t i o n  between t h e  s k i r t  and the p a r a b o l o i d  i s  smooth o n l y  t o  f i r s t  
o r d e r  ( o n l y  s lope i s  cont inuous)  w h i l e  t h e  j u n c t i o n  between t h e  
p a r a b o l o i d  and t h e  blended r o l l e d  edge i s  smooth t o  t h i r d  o r d e r  ( f i r s t  
t h r e e  d e r i  v a t i  ves a r e  cont inuous).  
The s lope o f  t h e  j u n c t i o n  
Thus, 
Assuming t h a t  t h e  maximum t o l e r a b l e  
I n  t h e  above d iscuss ion,  the feed blockage was n o t  i n c l u d e d  i n  t h e  
The feed blockage a l s o  a f f e c t s  t h e  f i e l d s  s c a t t e r e d  f i e l d  computation. 
i n  t h e  t a r g e t  zone. 
b lockage i s  computed next.  
Therefore,  t o  complete t h e  d iscuss ion ,  t h e  feed 
F i g u r e  22 shows t h e  y component o f  t h e  s c a t t e r e d  magnet ic f i e l d  due 
t o  t h e  feed blockage i n  t h e  v e r t i c a l  c u t  versus t h e  v e r t i c a l  d i s p l a c e -  
ment. 
r e c t a n g u l a r  p l a t e .  
The feed a p e r t u r e  i s  assumed t o  be a 12" x 12" (2X x 2X) f l a t  
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I VERTICRL D I S P L R C E M E N T  [ F E E T I  
F i g u r e  20. Junct ion d i f f r a c t e d  f i e l d  component versus v e r t i c a l  
displacement. 
source t i l t e d  by 30'. 








































Figure  21. S k i r t  d i f f r a c t e d  f i e l d  component versus v e r t i c a l  
displacement. 
source t i l t e d  by 30'. 
Note t h a t  4=Oo, and t h e  feed i s  a Huygen's 
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I l l 1  d '  ' .  
I V E R T I C R L  DISPLRCEMENT ( F E E T )  
I 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  
4 m a .  3. 6.  9 .  12. 1 5 .  
Figure  22. Co-polarized (y) component o f  the  feed blockage versus 
v e r t i c a l  displacement. Note t h a t  $ = O o ,  t h e  feed i s  a 
Huygen's source t i l t e d  by 30°, and feed aper ture  i s  
































INPUT THE FREQUENCY I N  GHz. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARABOLOID I N  FEET 
I N P U T  THE T I L T  ANGLE OF THE FEED 
I N P U T  THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
I N P U T  THE MAGNITUDE OF THE ELECTRIC OIPOLES 
ALONG X AND Y AXES 
I N P U T  THE DISTANCE OF THE F I E L D  PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
I N P U T  THE P H I  CUT I N  DEGREES 
I N P U T  START POINT AND END POINT FOR F I E L D  PRORING 
















DO YOU WANT 
DO YOU WANT 
DO YOU WANT 
00 YOU WANT 
DO YOU WANT 
I N P U T  THE Z 
GO TERM? I F  YES, TYPE 1 
JUNCTION DIFFRACTION? I F  YES TYPE 1 
S K I R T  DIFFRACTION? I F  YES, TYPE 1 
FEED BLOCKAGE? I F  YES, TYPE 1 
ELECTRIC F I E L D  COMPONENTS? I F  YES, TYPE 1 
LOCATION OF THE FEED APERTURE I N  FEET 
I N P U T  THE NUMBER OF CORNERS I N  FEED APERTURE 
I N P U T  THE X,Y COORDINATES OF THE CORNERS IN INCHES 
4. 
6. ,6. ,-6.,6.,-6. 9-60 9 6 .  9 - 6 0  
Note t h a t  a l l  o the r  parameters a re  t h e  same as before.  The 
c r o s s - p o l a r i z e d  ( x )  component o f  t h e  s c a t t e r e d  f i e l d  i s  very smal l  and 
i s  t h e r e f o r e  no t  shown here. 
s p e c u l a r l y  r e f l e c t e d  f i e l d  (see F igu re  19), one can see t h a t  t h e  feed 
blockage i s  q u i t e  l a r g e  ( w i t h i n  15 dB of t h e  s p e c u l a r l y  r e f l e c t e d  
Comparing t h e  feed blockage w i t h  t h e  
49 
f i e l d ) .  
f i e l d s  i n  t h e  t a r g e t  zone as shown i n  F i g u r e  23. I n  F i g u r e  23, t h e  
v e c t o r  sum o f  the specular  r e f l e c t e d  f i e l d  and t h e  feed blockage i s  
p l o t t e d  versus t h e  v e r t i c a l  displacement. The specul ar ly r e f l e c t e d  
f i e l d  i s  shown by the  broken curve  i n  t h e  f igure.  Note t h a t  t h e  
ampl i tude o f  the o s c i l l a t i o n s ,  e s p e c i a l l y  f o r  smal l  v e r t i c a l  
d isplacements,  i s  q u i t e  la rge .  Even f o r  l a r g e  v e r t i c a l  d isplacements 
(- 15 f e e t ) ,  the r i p p l e  s i z e  i s  more than 0.2 dB. 
blockage i s  q u i t e  a s e r i o u s  problem. To inc rease t h e  s i z e  o f  t h e  sweet 
spot ,  t h e  feed blockage must be reduced. 
Thus, t h e  feed blockage w i l l  cause l a r g e  o s c i l l a t i o n s  i n  t h e  
Thus, t h e  feed 
One way t o  decrease t h e  feed blockage i s  t o  decrease t h e  s i z e  o f  
t h e  feed. 
b lockage when the s i z e  o f  t h e  feed a p e r t u r e  i s  reduced t o  6" x 6" 
( A  x A ) .  A l l  o ther  parameters a r e  t h e  same as before. Note t h a t  t h e  
feed b l  ockage, especi a1 l y  f o r  smal l  v e r t i c a l  d i  s p l  acements, has 
decreased s i g n i f i c a n t l y .  Thus, t h e  r i p p l e  s i z e  o f  t h e  o s c i l l a t i o n  i n  
t h e  s c a t t e r e d  f i e l d  should decrease as v e r i f i e d  by t h e  r e s u l t s  shown i n  
F i g u r e  25. I n  F igure  25, t h e  t o t a l  s c a t t e r e d  f i e l d  due t o  t h e  specu lar  
r e f l e c t i o n  and t h e  feed blockage i s  p l o t t e d  versus t h e  v e r t i c a l  
d isplacement.  Comparing t h e  r e s u l t s  shown i n  F igures  23 and 25, one can 
see t h a t  t h e  r i p p l e  s i z e  has decreased. Yowever, even f o r  a 6" x 6" 
feed a p e r t u r e  (F igure 25) f o r  v e r t i c a l  d isplacements l e s s  than 7 feet ,  
t h e  r i p p l e  i s  more than 0.2 dB. 
reduced f u r t h e r .  
F igure 24 shows t h e  s c a t t e r e d  f i e l d  magnitude due t o  t h e  feed 
Thus, t h e  s i z e  o f  t h e  feed should be 
F i g u r e  26 shows t h e  feed blockage when t h e  s i z e  o f  t h e  feed 
A X  








































T O T A L  S C A T T E R E D  FIELD 
--- S P E C U L A R  REFLECTION 
Figure 23. Co-polarized (y) component of the scattered magnetic f i e ld  
versus vertical displacement. Note t h a t  4 = O 0 ,  the feed i s  a 
Huygen's source t i l t ed  by 30°, the feed aperture i s  12" x 
12" ,  and various mechanisms included in the scattered f i e ld  
are: 
1. Specular reflection 
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1 1 1 1  1 1 1 1  1 1 1 1 ~ 1 1 ' 1 ~ 1 1 1 l  
F i g u r e  24. Co-polar ized (y) component o f  t h e  feed b lockage versus 
ver t ica l  displacement. Note. t h a t  $=0", t h e  feed i s  a 
Huygen's source t i l t e d  by 30" and t h e  feed a p e r t u r e  i s  
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TOTAL SCATTERED FIELD 
--- SPECULAR REFLECTION 
F i  gure 25. Co-pol a r i  zed (y) component o f  the  scat te red  magnetic f i e 1  d 
versus v e r t i c a l  displacement. Note t h a t  $ = O o ,  the feed i s  a 
Huygen's source t i l t e d  by 30°, t h e  feed aper ture  i s  6" x 6", 
and various mechanisms inc luded i n  t h e  scat te red  f i e l d  a r e :  
1. Specular r e f l e c t i o n  
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I V E R T I C R L  D I S P L R C E M E N T  I F E E T l  
1 1 1 1 , 1 1 1 1  I I I I  1 1 1 1 ~ 1 ~ ~ 1  
3. 6 .  9 .  1 2 .  15 .  
Figure  26. Co-polarized (y) component o f  t h e  feed blockage versus 
v e r t i c a l  displacement. Note t h a t  +=Oo, t h e  feed i s  a 
Huygen's source t i l t e d  by 30° ,  and t h e  feed a p e r t u r e  i s  








































same as before. Comparing t h e  p l o t s  i n  F igures  22, 24 and 26, one can 
see t h a t  t h e  feed blockage, e s p e c i a l l y  f o r  smal l  v e r t i c a l  d isplacements,  
has reduced by more than 20 dB. Thus, t h e  r i p p l e  s i z e  o f  t h e  
o s c i l l a t i o n s  due t o  t h e  feed blockage should reduce as can be seen i n  
t h e  p l o t s  o f  F i g u r e  27. I n  F igure 27, t h e  v e c t o r  sum o f  t h e  s p e c u l a r l y  
r e f l e c t e d  f i e l d  and t h e  feed blockage i s  p l o t t e d  versus t h e  v e r t i c a l  
d i  s p l  acement. 
t h e  f i g u r e .  
The specul a r l y  ref1 e c t e d  f i  e l  d a1 one i s  a1 so p l o t t e d  i n  
Note t h a t  t h e  r i p p l e  s i z e  o f  t h e  o s c i l l a t i o n s  i n  F igure  27 
i s  q u i t e  smal l  ( l e s s  than 0.2 dR). Th is  feed i s  used i n  t h e  r e s t  o f  t h e  
study. 
F i g u r e  28 shows t h e  t o t a l  sca t te red  f i e l d  i n  t h e  xz p lane ($=O"cut) 
when a l l  f o u r  mechanisms are inc luded i n  t h e  f i e l d  computation. The 
feed i s  a Huygen source t i l t e d  by 30'. The feed a p e r t u r e  i s  a 3" x 3" 
f l a t  r e c t a n g u l a r  p l a t e .  The input  data s e t  i s  as fo l lows.  
INPUT THE FREQUENCY I N  GHz. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 
CENTER OF THE PARABOLOIO I N  FEET 
INPIJT THE TILT ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE FIELD PLANE FROM THE CENTER 
OF THE PARAROLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END POINT FOR FIELD PROBING 














" 1  
3 c.; 1 0 1  
F i g u r e  27. Co-pol a r i  zed (y) component o f  t h e  s c a t t e r e d  magnet ic f i e 1  d 
versus v e r t i c a l  displacement. Note t h a t  + = O o ,  t h e  feed i s  a 
Huygen's source t i l t e d  by 30°, and t h e  feed a p e r t u r e  i s  3" 
x 3". Var ious mechanisms i n c l u d e d  i n  t h e  s c a t t e r e d  f i e l d  
a r e :  
1. Specular r e f l e c t i o n  








T O T A L  SCATTERED F I E L D  






























TOTAL SCATTERED FIELD 
--- SPECULAR REFLECTION 
I 
F i g u r e  28. Co-pol a r i  zed (y )  component o f  t h e  s c a t t e r e d  magnet ic f i e 1  d 
versus v e r t i c a l  displacement. Note t h a t  $ = O o ,  and t h e  feed 
i s  a Huygen's source t i l t e d  by 30'. A l l  mechanisms a r e  
i n c l u d e d  i n  t h e  sca t te red  f i e l d .  
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DO YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
DO YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 
00 YOU WANT FEE0 BLOCKAGE? I F  YES, TYPE 1 






INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE Z LOCATION OF THE FEED APERTURE I N  FEET 
INPUT THE NUMBER OF CORNERS I N  FEED APERTURE 





The specular r e f l e c t e d  component a lone i s  a l s o  p l o t t e d  i n  F igure  28 
(broken curve) .  Note t h a t  f o r  v e r t i c a l  d isplacements between 3.5 f e e t  
and 13.5 fee t ,  the s p e c u l a r l y  r e f l e c t e d  f i e l d  i s  q u i t e  un i form,  and t h e  
s i z e  o f  t h e  r i p p l e  o f  t h e  o s c i l l a t i o n  i n  t h e  t o t a l  f i e l d  i s  l e s s  than 
0.2 dB. Thus, the r e f l e c t o r  p rov ides  a l a r g e  sweet spot  i n  t h e  v e r t i c a l  
dimension. 
I n  t h e  above study, t h e  d iscuss ion  was l i m i t e d  t o  t h e  v e r t i c a l  c u t  
T o  complete t h e  study, t h e  s c a t t e r e d  f i e l d  i n  o t h e r  r a d i a l  c u t s  ( $ = O o ) .  
i s  computed next. The d iscuss ion  i s  l i m i t e d  t o  p o s i t i v e  values o f  0. 
Fo r  t h e  negat ive va lues of $, t h e  performance w i l l  be t h e  same as f o r  
t h e  p o s i t i v e  values of $. F i g u r e  29 shows t h e  t o t a l  s c a t t e r e d  f i e l d  f o r  
a $=15" r a d i a l  cut. The o t h e r  parameters a r e  t h e  same as before.  The 
i n p u t  data s e t  used f o r  t h i s  example i s  g iven  below: 
INPUT THE FREQUENCY I N  GHz. 
INPUT THE DISTANCE OF THE FOCAL POINT FROM THE 




























INPUT THE T I L T  ANGLE OF THE FEED 
INPUT THE MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE DISTANCE OF THE F I E L n  PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END POINT FOR F I E L D  PROBING 
INPUT THE DISTANCE BETWEEN FIELD POINTS I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES, TYPE 1 
00 YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 
00 YOU WANT FEED RLOCKAGE? I F  YES, TYPE 1 
DO YOU WANT ELECTRIC F I E L D  COMPONENTS? I F  YES, TYPE 1 
INPUT THE DISTANCE OF THE JUNCTION FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE Z LOCATION OF THE FEED APERTURE I N  FEET 
INPUT THE NUMBER OF CORNERS I N  FEED APERTURE 

















F i g u r e  29(a) shows t h e  y (co-polar ized)  component o f  t h e  s c a t t e r e d  
magnet ic f i e l d  w h i l e  i t s  x component ( t h e  c r o s s - p o l a r i z e d  component) i s  
p l o t t e d  i n  F i g u r e  29(b). The specu lar ly  r e f l e c t e d  component a lone i s  
a l s o  p l o t t e d  i n  t h e  f i g u r e  (broken curve).  From t h e  p l o t s  i n  F i g u r e  
29(a) one can see t h a t  t h e  co-po la r ized  component does n o t  vary  much 
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TOTAL SCATTERED FIELD 
-- - SPECULAR REFLECTION 
F i g u r e  29(a). Co-polar ized (y) component o f  t h e  s c a t t e r e d  magnet ic 
f i e l d  versus r a d i a l  displacement. Note t h a t  $=15O, and 
the feed i s  a Huygen's source t i l t e d  by 30O. A l l  









































I -  - 
TOTAL SCATTERED FIELD 
--- SPECULAR REFLECTION 
1 1 1 1  1 1 1 1  1 1 1 1  I l l ,  1 1 1 1  
F i g u r e  29(b). Cross-po la r ized  ( x  component of t h e  s c a t t e r e d  magnetic 
f i e l d  versus rad ia 1 displacement. Note t h a t  $=15', and 
t h e  feed i s  a Huygen's source t i l t e d  by 30'. A l l  
mechanisms a re  inc luded i n  t h e  s c a t t e r e d  f i e l d .  
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these r a d i a l  displacements t h e  r i p p l e  s i z e  o f  t h e  o s c i l l a t i o n s  i s  l e s s  
than 0.2 dB. Thus, one can draw t h e  same conc lus ions  as before. 
However, i n  t h i s  case t h e  cross p o l a r i z e d  s c a t t e r e d  f i e l d  i s  o n l y  30 dB 
below t h e  co-polar ized component. Th is  may be o f  some concern i n  
c e r t a i n  a p p l i c a t i o n s .  
F igures  30, 31, 32 and 33 show t h e  t o t a l  s c a t t e r e d  f i e l d  f o r  r a d i a l  
c u t s  o f  4 equal t o  30°, 45", 60" and 75", r e s p e c t i v e l y .  A l l  o t h e r  
parameters a r e  the same as before.  Both c o - p o l a r i z e d  and 
c r o s s - p o l a r i z e d  components o f  t h e  s c a t t e r e d  magnet ic f i e l d  a r e  p l o t t e d .  
The s p e c u l a r l y  r e f l e c t e d  component a lone i s  a1 so  p l o t t e d  (broken curve).  
Note t h a t  t h e  c ross-po la r ized  component ( x  component) o f  t h e  s c a t t e r e d  
f i e l d  has grown. For r a d i a l  c u t s  o f  45", 60" and 75", i t  i s  w i t h i n  17 
t o  18 dB of t h e  co-po la r ized  component. Th is  may n o t  be des i rab le .  A 
method o f  reducing t h e  cross-pol  a r i  z a t i o n  w i l l  be discussed next. 
However, b e f o r e  t h a t  another  aspect o f  these p l o t s  w i l l  be discussed. 
An impor tant  observa t ion  t o  be made f rom t h e  p l o t s  o f  F igures  30-33 
i s  t h a t  t h e  length  o f  t h e  r a d i a l  d isplacements over  which t h e  r i p p l e  
s i z e  o f  t h e  o s c i l l a t i o n s  i s  l e s s  than 0.2 dB decreases w i t h  an i n c r e a s e  
i n  t h e  r a d i a l  cut angle ( 4 ) .  For example, f o r  t h e  45" r a d i a l  c u t  (see 
F i g u r e  31(a)) ,  t h e  r a d i a l  d isplacement f o r  which t h e  r i p p l e  s i z e  i s  l e s s  
than 0.2 dR l i e s  between 5 f e e t  and 13.5 f e e t  w h i l e  f o r  60" r a d i a l  c u t  
(see F i g u r e  32) t h e  r a d i a l  d isplacement l i e s  between 7.4 f e e t  and 13.5 
f e e t .  For  t h e  $=Oo r a d i a l  c u t  (see F i g u r e  28), t h e  r a d i a l  d isplacement 
f o r  which t h e  r i p p l e  s i z e  s l e s s  than 0.2 dR l i e s  between 3.5 f e e t  and 
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F i g u r e  30(a).  Co-polarized (y )  component o f  t h e  s c a t t e r e d  magnetic 
f i e l d .  Note tha t  $=30°, and o ther  parameters a r e  t h e  
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15. 
Figure  30(b) .  Cross-polar ized ( x )  component o f  t h e  s c a t t e r e d  magnetic 
f i e l d .  Note t h a t  $=30°, and o t h e r  parameters a r e  t h e  
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Figure  31(a) .  Co-polarized (y)  component o f  t h e  s c a t t e r e d  magnetic 
f i e l d .  Note that  + = 4 5 O ,  and o ther  parameters a r e  t h e  
same as i n  Figure 29(a) .  
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Figure  31(b). Cross-polarized ( x )  component o f  t h e  s c a t t e r e d  magnetic 
f i e l d .  
same as i n  F igure  29(b). 
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TOTAL SCATTERED FIELD 
--- SPECULAR REFLECT ION 
F i g u r e  32(a). Co-polar ized (y) component of t h e  s c a t t e r e d  magnetic 
f i e l d .  
as i n  F i g u r e  29(a). 
Note t h a t  $=60° and o t h e r  parameters a r e  t h e  same 
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F i g u r e  32(b) .  Cross-polar ized ( x )  component o f  t h e  s c a t t e r e d  magnetic 
f i e l d .  
as i n  Figure  29(b).  
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F i g u r e  33(a). Co-polar ized (y) component of t h e  s c a t t e r e d  magnet ic 
f i e l d .  Note t h a t  +=75O, and o t h e r  parameters a r e  t h e  
same as i n  F igure 29(a). 
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F i g u r e  33(b). Cross-po la r ized  ( x )  component o f  t h e  s c a t t e r e d  magnet ic 
f i e l d .  Note t h a t  $=75", and o t h e r  parameters a r e  t h e  














has decreased. The reason f o r  t h i s  i s  t h a t  as 4 increases,  t h e  
observa t ion  p o i n t  moves c l o s e r  t o  t h e  s k i r t  o f  t h e  r e f l e c t o r ,  and t h u s  
t h e  s k i r t  d i f f r a c t i o n  becomes a dominant component o f  t h e  f i e l d s  i n  t h e  
t a r g e t  zone and l i m i t s  t h e  s i z e  o f  t h e  usab le  t a r g e t  zone. 
however, i s  n o t  a ser ious  problem because t h i s  area i s  n o t  i n t e n t e d  t o  
be a p a r t  o f  t h e  t a r g e t  zone. 
t a r g e t  z ne, i t  ( t h e  t a r g e t  zone) looks  as shown i n  F i g u r e  34. 
t h a t  t h e  s i z e  o f  t h e  usable t a r g e t  zone i s  q u i t e  l a r g e .  
This ,  
k i n g  t h i s  data t o  d e f i n e  t h e  useable 
Note 
Com ng back t o  t h e  c r o s s - p o l a r i z a t i o n  issue,  one can see f rom t h e  
p l o t s  i n  F igures  29-33 t h a t  t h e  specular r e f l e c t i o n  component i s  t h e  
main c o n t r i b u t o r  t o  t h e  cross-polar ized s c a t t e r e d  f i e l d .  The specu lar  
r e f  1 e c t i  on depends on t h e  aper ture i 11 umi n a t  i on. 
a p e r t u r e  i l l u m i n a t i o n  should be mod i f ied  t o  c o n t r o l  t h e  c r o s s - p o l a r i z e d  
s c a t t e r e d  f i e l d .  One way t o  modify t h e  a p e r t u r e  i l l u m i n a t i o n  i s  t o  
change t h e  t i lt angle o f  t h e  feed. 
feed on c r o s s - p o l a r i z e d  f i e l d  i s  s tud ied  next.  
i l l u s t r a t i o n ,  t h e  60" r a d i a l  c u t  i s  chosen t o  s tudy t h e  e f f e c t  o f  t i l t  
angle. 
q u i t e  strong. 
specu la r  r e f l e c t i o n ,  o n l y  t h e  specu lar ly  r e f l e c t e d  component w i l l  be 
computed. 
Theref  ore, t h e  
The e f f e c t  o f  t h e  t i l t  angle o f  t h e  
For  t h e  purpose o f  
I n  t h i s  cu t ,  t h e  c ross-po la r ized  s c a t t e r e d  f i e l d  ( F i g u r e  32) i s  
Since t h e  c ross-po la r ized  f i e l d  i s  m a i n l y  due t o  t h e  
F i g u r e  35 shows t h e  co-polar ized and c r o s s - p o l a r i z e d  components o f  
t h e  r e f l e c t e d  f i e l d  i n  t h e  60" r a d i a l  c u t  versus t h e  r a d i a l  d isplacement 
when t h e  t i l t  angle o f  t h e  feed i s  reduced t o  25O. A l l  o t h e r  parameters 
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F i g u r e  35. Specu lar ly  r e f l e c t e d  magnet ic f i e l d  versus r a d i a l  
displacement. 
source t i l t e d  by 25'. 










FREQUENCY I N  GHz. 
DISTANCE OF THE FOCAL POINT FROM THE 
THE PARABOLOID I N  FEET 
T I L T  ANGLE OF THE FEED 
MAGNITUDE OF THE MAGNETIC DIPOLES 
ALONG X AND Y AXES 
INPUT THE MAGNITUDE OF THE ELECTRIC DIPOLES 
ALONG X AND Y AXES 
n. ,I. 
1. ,0. 
INPUT THE DISTANCE OF THE F I E L D  PLANE FROM THE CENTER 
OF THE PARABOLOID I N  FEET 
INPUT THE P H I  CUT I N  DEGREES 
INPUT START POINT AND END POINT FOR F I E L D  PROBING 
INPUT THE DISTANCE BETWEEN F I E L D  POINTS I N  FEET 
DO YOU WANT GO TERM? I F  YES, TYPE 1 
DO YOU WANT JUNCTION DIFFRACTION? I F  YES TYPE 1 
DO YOU WANT SKIRT DIFFRACTION? I F  YES, TYPE 1 
DO YOU WANT FEED BLOCKAGE? I F  YES, TYPE 1 










Note t h a t  o n l y  specular  r e f l e c t i o n  i s  i n c l u d e d  i n  t h e  s c a t t e r e d  f i e l d s .  
Comparing t h e  p l o t s  i n  F igures  32 and 35, one can see t h a t  t h e  magnitude 
o f  t h e  c ross-po la r ized  f i e l d  has dropped by more than a dB. However, 
even now t h e  c ross-po la r ized  component i s  w i t h i n  20 d6 o f  t h e  
c o - p o l a r i z e d  component. Thus, t h e  t i l t  angle o f  t h e  feed should be 
f u r t h e r  reduced. 
F igures  36 and 37 show t h e  co-po la r ized  and t h e  c r o s s - p o l a r i z e d  
components o f  the s p e c u l a r l y  r e f l e c t e d  f i e l d  f o r  feed t i l t  angles o f  15" 
and Fj0 ,  respec t ive ly .  All  o t h e r  parameters a r e  t h e  same as before.  









































ad: u P CROSS- POLARIZED COMPONENT 
Figure  36. Specular ly  r e f l e c t e d  magnetic f i e l d  versus r a d i a l  
displacement. 
15'. 
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Figure 37. Specularly reflected magnetic f i e ld  versus radial 
displacement. 
5". 





















tilt angle o f  t h e  feed. 
angle, t h e  r e q u i r e d  c r o s s - p o l a r i z a t i o n  l e v e l  can be obtained. Table 1 
shows t h e  l e v e l  o f  t h e  c ross-po la r ized  f i e l d  w i t h  respect  t o  
c o - p o l a r i z e d  f i e l d  i n  t h e  60" r a d i a l  c u t  f o r  v a r i o u s  t i l t  angles o f  t h e  
feed. 
Thus, by p r o p e r l y  s e l e c t i n g  t h e  feed tilt 
Note t h a t  t o  achieve -40 dB c r o s s - p o l a r i z a t i o n ,  t h e  t i lt angle o f  
t h e  feed should be l e s s  than or equal t o  2". 
TABLE 1 
FEED TILT ANGLE VERSUS CROSS-POLARIZATION 











Cross -pol a r i  z a t  i on 
Level  
-140 dB 
- 40.5 dB 
- 32.6 dB 
- 28.6 dB 
- 23.1 dB 
- 20.6 dB 
- 18.7 dB 
- 17.1 dB 
From t h e  above d i s c u s s i o n  i t  i s  c l e a r  t h a t  t h e  feed should have a 
very  small  t i lt t o  keep t h e  c r o s s - p o l a r i z e d  s c a t t e r e d  f i e l d  below a 
c e r t a i n  l e v e l .  On t h e  o t h e r  hand, one needs t o  t i lt t h e  feed t o  get  a 
u n i f o r m  aper tu re  i l l u m i n a t i o n .  Thus, t h e  t i l t  angle of t h e  feed i s  an 
i m p o r t a n t  parameter and should be c a r e f u l  l y  se lected.  
I n  t h i s  sec t ion  var ious  r e s u l t s  ob ta ined u s i n g  t h e  newly developed 
r e f l e c t o r  code were presented t o  i l l u s t r a t e  t h e  code 's  c a p a b i l i t y  and as 
samples o f  i n p u t / o u t p u t  sets.  
e f f i c i e n t l y  used t o  analyze s e m i c i r c u l a r  r e f l e c t o r  antennas w i t h  a 
r o l l  ed edge. 
It was shown t h a t  t h e  codes can be 
V, SUMMARY 
A computer code has been developed a t  The Ohio Sta te  U n i v e r s i t y  
E lec t roSc ience Laboratory  t o  analyze a semi - c i  r c u l a r  p a r a b o l o i d  
r e f l e c t o r  antenna w i t h  a r o l l e d  edge a t  t h e  t o p  and a s k i r t  a t  t h e  
bottom. 
Var ious i n p u t  and ou tpu t  statements were explained. 
ob ta ined u s i n g  the  computer code were presented t o  i l l u s t r a t e  t h e  code 's  
c a p a b i l i t y  as w e l l  as be ing  samples o f  i n p u t / o u t p u t  sets.  
The opera t ion  o f  t h e  code was descr ibed i n  t h i s  repor t .  


































CODE TO GENERATE THE CROSS-SECTIONAL SHAPE 
Computer code 'SURFACE' i s  used t o  generate t h e  c ross -sec t i ona l  




COMMON /ONE/ FM,NUF,IBLEND 
COMMON /TWO/ YIT,YFT,MAJT,MINT,THETAT,XELT,YELTIYELT ................................................. C** 
READ(70,*) FMC ! frequency in GHz. 
READ(70,*) FM ! focal distance in feet 
READ(70,*) YIT 1 y coordinate of the upper end of parabola 
READ(70,*) YFB ! y coordinate of the lower end of parabola 
READ(70,f) IBLEND ! type of blending (IBLEND - 1, 2 ,  3 or 4) 
READ(70,*) PSECT ! length(cms) of the parabolic section blended 
READ(70,*) NUF ! section of the ellipse blended = 180 deg. 
READ(70,*) MAJT,MINT ! major and minor axis of ellipse in cms. 
READ(70,*) DSSwl ! spacing between samples in wavelength. 
cdimin - 30.48006096 1 conversion constant from feet to centimeters 
FM - cdimin*FM 
YFB - cdimin*YFB 
YIT - cdimin*YIT 



















IF(PY .GE. YIT) GOTO 50 




C UPPER ROLLED EDGE 
C 





























SUBROUTINE CALCULATES THE X AND Y COORDINATESr GIVEN PY 
SUBROUTINE XYCORH(PY,X,Y) 
REAL NU NUF MAJT MINT 
COMMON /ONE/ FM,NUF,IBLEND 
COMMON /TWO/ YITrYFTrMAJTrMINTfTHETATfXELTrYELT 




















The code reads t h e  i n p u t  data f rom u n i t  #70. Var ious parameters 
read by t h e  code a re  shown between dashed l i n e s  i n  t h e  code and are  s e l f  
exp lanatory .  To f u r t h e r  he lp  t h e  user,  t h e  va r ious  parameters a re  shown 
i n  F igu re  38. IBLEND i n  t h e  i n p u t  data def ines t h e  b lend ing  between t h e  
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ELLIPT I C A L  SECTION 
F O C A L  POINT 
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JCENTER \ - F+---+ 
i 
Figure  38. Various parameters used i n  t h e  code. 
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no b lend ing ,  l i n e a r  b lend ing ,  square b l e n d i n g  and cos ine  b lend ing ,  
respec t  i v e l y  . The blended sec t  i on i s  def i ned as f o l  1 ows. 
where (xP,yp) and (Xe,Ye) a r e  t h e  
parabola and the e l l i p s e ,  respect  
f u n c t i o n  which i s  def ined by 
coord ina tes  of t h e  p o i n t  on t h e  
ve ly .  Note t h a t  B i s  t h e  b lend 
no b l  endi  ng 
l - v / v f  1 i near b l  endi  ng 
1-(v /v f )2  square b lend ing  
B ( v )  = I o  
ITU 
1 +c 0 s ( 
c o s i  ng b lend 
where vf(NUF) i s  an i n p u t  parameter and i 
ng 
normal ly  s e t  equal t o  180'. 
DSSUR i n  the  i n p u t  data i s  t h e  spacing between ad jacent  samples i n  
The code i n  wavelengths and should be o f  t h e  o r d e r  o f  0.05 wavelength. 
i t s  p resent  form can s t o r e  up t o  9001 samples. I f  t h e  number o f  samples 
on t h e  c ross-sec t iona l  shape exceeds 9001, t h e  f i r s t  statement i n  t h e  
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